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ABSTRACT:

Diabetic nephropathy (DN) is still one of the leading causes of ESRD due to oxidative stress and inflammation
resulting from chronic hyperglycemia. In the current study, the Nephroprotective and anti-diabetic effects of Salvia
hispanica (chia) and Nigella sativa (kalonji) seed extracts were evaluated in STZ-induced diabetic albino Wistar rats.
The animals were treated orally with chia and kalonji extracts at doses of 500, 750, and 1000 mg/kg for six weeks.
The glycemic indices, renal function markers, oxidative stress parameters, and histopathological variations were
analyzed. The diabetic control animals showed extreme hyperglycemia, increased HbA lc, impaired renal function
(high BUN and creatinine, low albumin), augmented oxidative stress (low SOD, catalase, GSH; high MDA), and
disastrous damage in renal tissue. The administration of chia and kalonji extracts significantly ameliorated all
parameters in a dose-dependent manner. At the dose of 1000 mg/kg, the values for blood glucose, HbAlc, renal
function parameters, and antioxidant enzymes almost reached normal values indicating improvement noticed in the
histological analysis of the renal tissue. The maximum dosage achieved impacts similar to Losartan, a common
Nephroprotective medication. This study suggests that chia and kalonji provide synergistic advantages because their
content of polyphenols, omega-3 fatty acids, and thymoquinone all help enhance the body’s antioxidant functioning
and thus mitigate inflammatory processes and improve control over the body’s glycemic levels. The study
demonstrates kalonji and chias potential therapeutic application as additional medications. However, more clinical
research needs to be conducted to confirm their significance in clinical practice with humans.
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INTRODUCTION

Diabetic nephropathy is one of the most serious
complications associated with diabetes mellitus, with
signs of kidney damage manifesting as progressively
elevated levels of albumin in the urine, declining rates
of glomerular filtration (kidney function), and
ultimately, advancing to stage 5 chronic kidney
disease ['""l. DN globally accounts for approximately
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30%-40% of all chronic kidney disease members and
is a leading cause of dialysis and kidney
transplantation 8111, The impact of Nigella Sativa Oil
on oxidative stress, inflammatory and glycemic
control parameters in diabetic hemodialysis patients: a
double-blind, randomized, controlled trial - PMC.
Hyperglycemia causes irreversible structural and
functional damage to the kidneys, including
glomerular hypertrophy (enlarged kidneys), mesangial
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expansion (swelling of cells within the glomerulus)
and thickening of the basement membrane,
compromising renal function and accelerating the rate
of disease progression ['2?4, Despite advancements in
treatment modalities, including using renin-
angiotensin system inhibitors and SGLT-2 inhibitors,
DN continues to be an important clinical challenge,
and new approaches to treating this disease must be
examined 25-28],

Oxidative stress and renal dysfunction

Oxidative stress is thought to be one of the main
mechanisms by which DN occurs. Hyperglycemia
leads to overproduction of reactive oxygen species
(ROS) resulting in increased lipid peroxidation,
protein oxidation, and DNA damage in the kidneys [**-
341 The imbalance of ROS with the body's antioxidant
systems, which include superoxide dismutase (SOD),
catalase and glutathione (GSH), increases glomerular
injury and tubular injury P54 Malondialdehyde
(MDA) is one of the byproducts of lipid peroxidation
that is consistently elevated in DN animal models,
indicating oxidative stress as a therapeutic target for
the treatment of DN ™2-461 Furthermore, oxidative
stress interacts with inflammatory pathways to

increase renal scarring and promote nephron loss “7-
51

Therapeutic potential of nutraceuticals

The health benefits of nutraceuticals, primarily plant-
based, are gaining recognition for their anti-
inflammatory, antioxidant and anti-diabetic properties
(52,331, Certain dietary changes can produce changes in
numerous pathways that are sensitive to nutritional
factors, thereby reducing the effects of oxidative stress
on the kidneys and improving outcomes in patients
with kidney disease [**36]. Two examples of seeds that
are nutraceuticals valuable are Salvia hispanica (chia
seed) and Nigella sativa (kalonji), which contain many
bioactive compounds such as polyphenols, flavonoids,
omega-3 fatty acids, and thymoquinone, all of which
possess potent free radical scavenging capabilities and
help regulate blood sugar levels 571, As supplements,
nutraceuticals have been shown to help lower HbAlc
levels, improve antioxidant enzyme activity and
restore kidney function markers in individuals with
diabetes 16961,

Rationale for combining chia and kalonji

Other significant bioactive compounds found in chia
seeds include alpha-linolenic acid, dietary fiber, and
polyphenols, which aid in regulating blood sugar and
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lipid metabolism (62! Kalonji seeds (Nigella sativa)
contain thymoquinone, an antioxidant that has been
shown to be anti-inflammatory and antioxidant [°%,
Another synergistic effect occurs when both types of
seeds are combined, acting on overlapping
pathological pathways causing kidney injury
(hyperglycemia, oxidative stress and inflammation).
While chia seeds have been known primarily for their
role in blood glucose metabolism and lipids, kalonji
seeds are more efficacious to the body's antioxidant
defense mechanisms and inhibit the increase of
inflammatory mediators. Accordingly, the
combination of the two seeds would have significant
value as a nutraceutical treatment for complete kidney
protection [63-64],

Study objectives

The study evaluated the Nephroprotective and
antidiabetic properties of salad (chia) and kalonji
(Nigella sativa) seeds in a model of diabetic
nephropathy induced by the administration of
streptozocin in male albino Wistar rats. Diabetic
nephropathy still accounts for a large percentage of
end stage renal disease due to the oxidative stress in
kidneys and is the most common cause of renal injury.
Although pharmacotherapy of diabetes is currently
treated with Nephroprotective agents such as renin-
angiotensin system agents and SGLT2 inhibitors, there
is an increasing interest in the use of nutraceutical
agents as an adjunct to pharmacotherapy for diabetic
nephropathy.

This research's primary objective is to evaluate the
effect of kalonji (Nigella sativa) and chia (Salvia
hispanica) seed extract on glycemic control, as
measured by fasted blood glucose and HbAlc levels,
in diabetic nephropathy rats. The secondary objective
will be to evaluate kidney function markers (blood
urea nitrogen, serum creatinine, and serum albumin) as
indicators of kidney health.

A third aim of this research will be to evaluate the
antioxidant defense mechanisms of the kidneys
through measurement of superoxide dismutase (SOD),
catalase, reduced glutathione (GSH), and
malondialdehyde (MDA) levels. Results will provide
evidence of how oxidative stress mediator modulators
may be used to develop treatment therapies for
diabetic nephropathy. The last objective of this study
is to corroborate the biochemical data by assessing the
glomeruli and tubules of the renal tissue histologically
for signs of structural repair. Ultimately, the goal of
this research is to demonstrate the potential of using
chia and kalonji seeds as a combined nutritional
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supplement/alternative therapy for the treatment of
diabetic nephropathy, and to establish a link between
dietary and pharmacological management of diabetic
nephropathy through the integration of biochemical,
antioxidant, and histological analyses.

MATERIALS AND METHODS
Experimental animals

The laboratory Wistar male rats were housed within a
registered animal facility according to institutional
guidelines, from a source that met institutional
standards for animal health and welfare. They were
between 180-220 g, and they were all adults
(indicating that they were mature), and are all albino
(indicating that the rats were homogenous in regards
to skin tone). The rats were transported to the
laboratory under maintained controlled conditions/
light/dark cycle of 12 hours, temperature 22 + 2 °C,
and relative humidity of 50%-60% to create a suitable
environment. The rats had free access to commercial
pelleted food and water while housed in the laboratory
1651, Studies at the laboratory were conducted following
guidelines from the CPCSEA of the Government of
India, approved by an Institutional Animal Ethics
Committee of the study (IAEC/04/02/2025).
Furthermore, the studies adhered to all ethical
principles concerning animal welfare to minimize
animal suffering and instead promote the maximize
replacement of animals with non-animal methods; the
keeping of the number of animals used to a minimum;
and changing experimental procedures in any possible
manner to minimize pain/discomfort to the animal.

Induction of diabetic nephropathy (Streptozotocin
model)

Diabetic nephropathy was induced in the diabetic rat
model with Streptozotocin (STZ), which is a synthetic
analogue of Insulin and acts as an analogue of Insulin
(i.e., when STZ is injected into an animal, it produces
high levels of glucose). Each rat received an
intraperitoneal injection of 55 mg/kg of body weight
(or one single injection) of freshly prepared solution of
STZ dissolved in citrate buffer (pH 4.5). In order to
confirm hyperglycemia in an animal, blood (serum)
glucose levels were obtained from rats that were 72
hours fasted without the use of anesthetics.
Hyperglycemia in an animal is defined as any serum
glucose level which exceeds 250 mg/dL. Before
determining progression of nephropathy, the degree of
hyperglycemia and renal insufficiency was
continuously observed for a 4-week period of time,
which is consistent with previous studies.
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Streptozotocin is widely recognized for its ability to
selectively destroy pancreatic B-cells and for its
reproducibility of diabetic complications, such as
nephropathy, in rodent animals (667,

Treatment groups

Six groups of six albino Wistar rats were randomly
assigned into six experimental groups, to provide a
balanced distribution and minimize bias. The six
groups consisted of a) a normal control group
(receiving the vehicle only), b) a diabetic control
group (created by the administration of Streptozotocin
[STZ]), ¢) a standard drug group (administered
Losartan at 10 mg/kg, orally), d) a group receiving
Chia + Kalonji at 500 mg/kg, e) a group receiving Chia
+ Kalonji at 750 mg/kg, and f) a group receiving Chia
+ Kalonji at 1000 mg/kg. Each treatment group
received its respective treatment orally once daily for
six weeks. Dosage ranges for this study were chosen
based on prior published studies demonstrating the
safety and efficacy of Salvia hispanica (chia) and
Nigella sativa (black cumin) seed extracts in rodent
subjects. This experimental design allowed for
evaluation of dose-dependent effects and comparison
with the Nephroprotective effect of a clinically
established nephroprotective agent.

Preparation of seed extracts

Validation and shade drying of the seed material from
Salvia hispanica and Nigella sativa were confirmed to
be performed. The seeds were ground into powder and
performed successive Soxhlet extraction with ethanol
(70%). The extracts obtained from the successive
extraction process were concentrated using a rotary
evaporator and stored at 4 degrees Celsius until ready
for use. The oral formulations from the powdered
seeds were prepared just prior to administration of the
test agent (with 0.5% carboxymethyl-cellulose), to
ensure the stability of the oral dosage form, and to
maintain a uniform dispersion of both the active drug
and ingoing excipients (6372,

Biochemical parameters

The determination of parameters used to evaluate the
biopharmaceutical effects of the treatments were based
on analysis of selected biochemical markers present in
blood collected by retro-orbital puncture under light
anesthesia (at predetermined time points). Following
collection of blood, serum was separated from whole
blood by centrifugation (3000 RPM for 10 minutes)
and analyzed to determine the concentration of
selected biochemical markers. Blood glucose
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concentration was determined using the glucose
oxidase-peroxidase method and the HbAIc
concentration was determined using ion-exchange
chromatography. Renal function was evaluated by the
determination of blood urea nitrogen (BUN, diacetyl
monoxime method), serum creatinine (Jaffe's alkaline
picrate method), and serum albumin (bromocresol
green method). Therefore, the assessment of metabolic
regulation and Nephroprotective outcomes was based
on the evaluation of these parameters as
comprehensive indicators of glycemic control and
renal functional integrity (Table 1).

Table 1: Glycemic indices and renal function
markers in Streptozotocin-induced diabetic
nephropathy rats treated with chia and kalonji
seed extracts.

Chi
Chi
Chia | at+
Dia a+
Nor Stan +Ka | Kal
Para beti Kal
mal dard lonji | onji
mete c onji
Con Dru 750 100
r Con 500
trol g mg/ |0
trol mg/
kg mg/
kg
kg
Bloo
d
102. | 552. | 214. | 319. | 236. | 166.
Gluc
4 + 7+ 6+ 8+ 5+ 3+
ose
32 154 | 8.7 10.2 | 9.1 7.5
(mg/
dL)
HbA |[4.12 | 11.8 | 6.21 832 | 6.74 | 5.18
1c + 6+ + + + +

(%) 0.21 | 0.35 | 0.28 | 0.31 | 0.27 | 0.25
BUN | 182 | 69.1 | 29.1 | 46.3 | 34.6 | 23.7
(mg/ |4+ |2+ |8+ 0+ | 1=+ 6+

dL) 123 | 245 | 1.67 | 198 | 1.56 | 1.12
Creat

0.52 | 2.18 | 0.86 | 1.38 | 0.92 | 0.60

inine

+ + + + + +
(mg/

0.04 | 0.12 | 0.06 | 0.08 | 0.05 | 0.04
dL)
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Albu

4251201 |3.62 | 287|341 |4.07
min

+ + + + + +
(g/dL
) 0.18 | 0.11 [ 0.15 | 0.13 | 0.16 | 0.17

Oxidative stress markers (SOD, catalase, GSH,
MDA)

Tissues from rats to study how the extracts of chia and
kalonji seeds are able to counteract oxidative stress
and also help restore antioxidant properties within the
kidney. Rat kidney tissues were homogenized with a
phosphate buffer (pH 7.4) to analyze oxidative stress
and the antioxidant defense in the kidneys. To
determine superoxide dismutase (SOD) enzyme
activity, pyrogallol auto-oxidation was inhibited and
catalase enzyme activity was measured using the
decomposition of hydrogen peroxide. The levels of
reduced glutathione (GSH) were measured using the
DTNB (Elman’s reagent) assay. There was also
measurement of the levels of malondialdehyde (MDA)
as an indicator of lipid peroxidation, which was done
using the TBARS method (Thio barbituric acid
reactive substances). These assays provided insight
into the detrimental effects that the oxidative state has
on the kidney tissue by helping identify the beneficial
effects of the chia and kalonji seed extracts in restoring
antioxidant capacity and reducing oxidative damage
associated with diabetic nephropathy (Table 2).

Table 2: Antioxidant enzyme activities and lipid
peroxidation in kidney tissue of
Streptozotocin-induced diabetic nephropathy rats.

Sta Ch
Ch
nda ia Chi
ia+
No | Dia | rd + a+
Ka
rm | beti | Dru Ka | Kal
lon
Paramet | al ¢ g . lon | onji
ji
er Co | Co | (Los 50 ji 100
ntr | ntr | arta 0 75 |0
ol ol n 10 0 mg/
mg
mg/ mg | kg
kg
kg) /kg
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28. | 11. 16. | 20.
SOD 64 |23 |213 |38 |38 |246
(U/mg + + 5+ | £ + 7+
protein) |12 | 0.8 | 1.04 |09 | 1.0 | 1.12
1 7 3 1
Catalase
mol
(0 82 |26 43 | 5.7
H:0: 6.45 7.36
3+ |1+ 8+ |3+
decompo + +
0.3 | 0.1 02 |02
sed/min/ 0.28 0.30
3 8 2 7
mg
protein)
9.8 |3.1 54 16.7
GSH 7.91 8.85
y 2+ |2+ 1+ | 6=+
(nmo + +
H & 04 |02 02 (03
tissue) 0.36 0.40
1 0 7 1
10. 3.014
MDA 2.1 6.8 | 5.1
42 | 436 0
(mmol/m | 5+ 7+ |2+
+ +
g 0.1 02 |02
iy |2 04 | 0.21 9 A 1
protein
5 8

Histopathological Examination

Tissue samples of the rat kidneys (i.e., 10% neutral
buffered formalin) were embedded in paraffin and
allowed to harden until they could be sectioned into 5
pum thick slices, and H&E (hematoxylin and eosin)
staining done. The sections were then examined under
light microscopy (400X magnification) for evidence of
various parameters, including glomerular
hypertrophy, = mesangial  expansion,  tubular
degeneration, and inflammatory infiltration. A blinded
pathologist performed histological scoring to mitigate
bias amongst the different samples.

Statistical analysis

Data from this study were reported as mean + SEM of
n = 6. One-way ANOVA with Tukey’s multiple
comparison test was the statistical analysis method
used for these data. A p <0.05 was the level selected
for statistical significance. Graph Pad Prism 9.0 was

IJDDT Volume 16 Issue 87s 2026

the software used for the analysis and graphical
presentation of the data.

RESULTS:
Effect on blood glucose and HbAlc

The administration of Streptozotocin caused a severe
hyperglycemic state in rats but they were able to
significantly improve their blood glucose and
Hemoglobin Alc levels by taking either chia or kalonji
extracts over time. By 500mg/kg of chia or kalonji
extract, blood glucose and hemoglobin AIC levels
were approximately 320mg/dL and 8.3% respectively.
The 750mg/kg doses of the treatments brought the
blood glucose down even further by approximately
236mg/dL and the percentage of hemoglobin A1C to
about 6.7%. The administration of 1000mg/kg of chia
or kalonji extracts nearly normalized blood glucose
levels with the final values being approximately
166mg/dL. and 5.2% respectively, and nearly
equivalent to the normal control group’s blood glucose
and hemoglobin A1C levels. These data demonstrate a
dose-dependent antidiabetic effect for both chia and
kalonji extracts as shown in Figure 1.
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Figure 1. Blood glucose & HbAlc (%) levels in
Streptozotocin-induced diabetic nephropathy rats.

Effect on renal function markers
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The rats in the diabetic control group developed
significant renal failure with BUN ~69mg/dL,
creatinine ~2.18mg/dL, and albumin ~2.0g/dL. The
administration of chia and kalonji seed extracts to the
diabetic control rats significantly improved the values
for all three markers of renal function. After
administration of 500mg/kg of chia or kalonji seed
extracts, the values for BUN, creatinine, and albumin

Effect on antioxidant enzymes

In diabetic control rats, there was evidence of
oxidative stress as indicated by reduced SOD activity
(~11 U/mg protein), catalase activity (~2.6 umol H20-
decomposed/min/mg protein) and GSH levels (~3.1
umol/g tissue). Supplementation with chia or kalonji
restored antioxidant defenses in a dose-dependent

were improved to approximately 46mg/dL,
1.38mg/dL, and 2.8g/dL respectively, as it is already
shown in Figure 2. A further decrease in BUN (to
~34mg/dL) and creatinine (to ~0.92mg/dL) and a
significant increase in albumin (to ~3.4g/dL) occurred
for diabetic control rats receiving 750mg/kg of chia or
Kalonji seed extracts. The values for BUN
(~23mg/dL), creatinine (~0.60mg/dL) and albumin
(~4.07g/dL) approached near-normal renal function

manner, which is given in Figure 3. At a
supplementation level of 500 mg/kg, there were
moderate increases in SOD (~16 U/mg), catalase (~4.4
pmol) and GSH (~5.4 umol). At the supplementation
level of 750 mg/kg, antioxidant activity was enhanced
further. At the 1000 mg/kg supplementation level,
values were nearly normalized: SOD ~24.7 U/mg,
catalase ~7.4 umol, GSH ~8.9 pmol.

for the diabetic control rats receiving 1000mg/kg chia 3
or kalonji extracts. ol e
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Figure 3. Antioxidant enzymes (SOD, catalase,
GSH) responses in diabetic nephropathy rats
following treatment with chia and kalonji seed
extracts.

Figure 2. BUN, Serum creatinine and Serum
albumin levels in diabetic nephropathy rats treated
with chia and kalonji seed extracts.
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Histopathological findings

Histopathology of renal tissue sections of Figure 4,
from diabetic control rats demonstrated glomerular
hypertrophy, = mesangial  expansion,  tubular
degeneration and inflammatory cell infiltration. Rats
in the standard drug group exhibited markedly
enhanced  renal  structure;  only  minimal
histopathologic changes were evident in the kidney
tissues of these animals. Renal histology further
improved in the treatment groups; there were mild
improvements in renal architecture at 500 mg/kg,
moderate improvements at 750 mg/kg, and nearly
normal renal architecture at 1000 mg/kg. Glomeruli
were structurally intact, mesangial expansion was
minimal and tubular morphology resembled that of
normal control rats at the highest supplementation
level.

M

Chia + Kalonji 500 mg/kg Chia + Kalonji 1000 mg/kg

HAE staining, 400x magnification. A: Normal architecture with normal glomeruli and tubules. B: Glomerular hypertrophy, mesangial expansion,
tbular degeneration and inflammatory cellinfiltration. C: Tmproved renal architecture with minimal lesions.
D: Mild recovery. E: Moderate recovery. F: Near-normal renal architecture.

Figure 4. Representative H&E-stained kidney
sections, illustrating dose-dependent recovery of
renal architecture.

Dose-dependent effects

Histo-materials for each experimental variable
exhibited dose-dependent efficacy of the chia and
kalonji seed extracts. At the 500-mg/kg dose, the
extracts conferred some protection; at the 750-mg/kg
dose, substantial improvement of the histological and
biochemical parameters and restoration of antioxidant
status occurred. At the 1000-mg/kg dose, almost
complete restoration of normal morpho functionality
of kidney related-experimental parameters occurred.
These results demonstrate the potential therapeutic
effects of the combined chia and kalonji seeds to
protect against nephron after diabetes for each of the
three dose levels.

DISCUSSION
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The data obtained from this experiment indicate that
supplementation with Salvia hispanica (chia seeds)
and Nigella sativa (black seeds) has significant
antidiabetic and Nephroprotective effects in a diabetic
nephropathy rat model. The reduction in fasting blood
sugar and HbAlc is dose-dependent (the greater the
amount of supplement given, the more the reduction),
suggesting that these nutraceuticals have potential
glycemic regulating properties. This finding is
consistent with previous reports that chia can modulate
glucose metabolism, and that kalonji helps to improve
insulin sensitivity because of the thymoquinone
component. Moreover, the restoration of the markers
of renal function (BUN, creatinine, albumin) add
further evidence to support the therapeutic use of chia
and kalonji to reduce nephropathy as it relates to
hyperglycemia.

The mechanism of oxidative stress is central to the
pathogenesis of diabetic nephropathy and occurs as a
result of an increased generation of ROS during
oxidative stress, lipid peroxidation. Diabetic control
rats showed a significant increase in MDA levels and
a decrease in antioxidant enzyme activity, thereby
demonstrating the presence of an imbalance between
oxidation and antioxidants. Treatment with chia and
kalonji resulted in a significant increase in SOD,
catalase and GSH activity and a decrease in MDA
levels. As a result of treatment, lipid peroxidation was
reduced. This confirms what other researchers have
shown previously, that the thymoquinone and omega-
3 fatty acids act together to increase antioxidant
activity and decrease inflammatory mediators. In
histopathological studies, these results were confirmed
through a progressive improvement in the glomerular
and tubular architecture at the highest dose, with a
return to normal morphology.

Chia and kalonji extracts produced improvements in
both renal function and oxidative stress comparable to
those achieved by Losartan, a recognized
Nephroprotective agent. Thus, nutraceuticals could
potentially also act as adjuncts to pharmacological
therapy by providing a multi-targeted approach
through antioxidant, anti-inflammatory, and glycemic
pathways. The Nephroprotective effects of chia and
kalonji likely occur due to chia’s polyphenols and
alpha-linolenic acid (omega-3 fatty acid) influencing
lipid metabolism and kalonji thymoquinone
suppressing reactive oxygen species (ROS) and
cytokine-mediated inflammation.

These findings provide further reason to be excited
about the potential for using nutraceuticals in
conjunction with existing therapies for chronic
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diabetic nephropathy. Current pharmacological
options are limited in their ability to prevent
progression to end-stage renal disease; therefore,
dietary therapies including chia and kalonji may
provide safe, inexpensive, and readily available
options. Nevertheless, the study was limited by the
following factors: preclinical design, small sample
size (less than 15 patients), and no follow up greater
than 12 weeks. Future studies are necessary to assess
the effectiveness of chia and kalonji in humans,
investigate the specific molecular pathways involved,
and examine possible interactions between these
herbal agents and standard pharmacological therapies.

CONCLUSION

This  study  demonstrates  that  concurrent
administration of Salvia hispanica and Nigella sativa
seed extract possesses significant antidiabetic and
renal protective properties in diabetic nephropathy.
These extracts have demonstrated enhanced glycemic
regulation, improvement in renal function markers,
increased antioxidant defense systems and reduced the
effects of histopathology in relation to the dosage
used. With the highest dosage exhibiting results
comparable to traditional drug treatment, these
nutraceuticals have shown a significant amount of
therapeutic value. This study indicates that combining
chia and kalonji seeds offers a combination feed,
which could help to provide nutritional and
pharmacological solutions for patients suffering from
diabetic nephropathy. Additional confirmation of
these findings through clinical trials will enable both
seeds to be a new and cost-effective resource for the
management of diabetic nephropathy and its
associated complications.

Abbreviations

DN: Diabetic Nephropathy; STZ: Streptozotocin;
ROS: Reactive Oxygen Species; SOD: Superoxide
Dismutase; GSH: Reduced Glutathione; MDA:
Malondialdehyde; BUN: Blood Urea Nitrogen;
HbA1lc: Glycated Hemoglobin; H&E: Hematoxylin
and Eosin; SEM: Standard Error of Mean; ANOVA:
Analysis of Variance; CMC: Carboxymethyl
Cellulose; TAEC: Institutional Animal Ethics
Committee.

Conflict of Interest: No
Funding: No

Acknowledgement:

IJDDT Volume 16 Issue 87s 2026

The authors sincerely thank all those who provided
technical assistance and guidance during the course of
this study. We acknowledge the support of laboratory
staff and colleagues for their help in animal handling,
biochemical  analysis, and  histopathological
evaluation. Their contributions were invaluable in
completing this research.

References:

1. Zhou J, et al. Nutritional Strategies against
Diabetic Nephropathy: Insights from Animal
Studies and Human Trials.  Nutrients.
2024;16(12):1918. doi:
https://doi.org/10.3390/mu16121918. MDPI

2. Samsu N. Diabetic Nephropathy: Challenges in
Pathogenesis, Diagnosis, and Treatment. Biomed
Res Int. 2021;2021:1497449. doi:
https://doi.org/10.1155/2021/1497449. PubMed
Central (PMC)

3. Persson F, Rossing P. Diagnosis of diabetic
kidney disease: state of the art and future
perspective.  Kidney Int Suppl (2011).
2018;8(1):2-7. doi:
https://doi.org/10.1016/j.kisu.2017.10.003.
ScienceDirect

4. Rout P, Jialal I. Diabetic Nephropathy. In:
StatPearls [Internet]. Treasure Island (FL):
StatPearls Publishing; 2025. Available from:
https://www.ncbi.nlm.nih.gov/books/NBK 53420
0/.

5. Tziomalos K, Athyros VG. Diabetic
Nephropathy: ~ New  Risk  Factors  and
Improvements in Diagnosis. Rev Diabet Stud.
2015;12(1-2):110-118. doi:
https://doi.org/10.1900/RDS.2015.12.110.
PubMed Central (PMC)

6. Guariguata L, et al. Global estimates of diabetes
prevalence for 2013 and projections for 2035.
Diabetes Res Clin Pract. 2014;103(2):137-149.
doi:
https://doi.org/10.1016/j.diabres.2013.11.002.
PubMed

7. XieK, etal. Global, regional, and national burden
of chronic kidney disease, 1990-2021: a
systematic analysis for the global burden of
disease study 2021. Front Endocrinol (Lausanne).
2025;16:1526482. doi:
https://doi.org/10.3389/fend0.2025.1526482.
PubMed

8. Gheith O, et al. Diabetic kidney disease:
worldwide difference of prevalence and risk
factors. J Nephropharmacol. 2016;5(1):49-56.
doi:  https://doi.org/10.4103/1110-9165.197379.

Page: 1639



Nephroprotective and Antidiabetic Effects of Salvia hispanica and Nigella sativa in Streptozotocin-Induced Diabetic
Nephropathy Albino Wistar Rats

10.

11.

12.

13.

14.

15.

16.

17.

Your manuscript has 2015; the journal record is
2016. Journal of Nephropharmacology

Rahmani A, et al. Effect of Nigella Sativa Oil on
Oxidative Stress, Inflammatory, and Glycemic

Control Indices in Diabetic Hemodialysis
Patients: A Randomized  Double-Blind,
Controlled Trial. Evid Based Complement
Alternat Med.  2022;2022:2753294.  doi:

https://doi.org/10.1155/2022/2753294. PubMed
Li J, et al. Epidemiological status, development
trends, and risk factors of disability-adjusted life
years due to diabetic kidney disease: A systematic
analysis of Global Burden of Disease Study 2021.
Chin Med J (Engl). 2025;138(5):568-578. doi:
https://doi.org/10.1097/CM9.0000000000003428
. PubMed Central (PMC)

Li PK, et al. Tackling Dialysis Burden around the
World: A Global Challenge. Kidney Dis (Basel).
2021;7(3):167-175. doi:
https://doi.org/10.1159/000515541. PubMed
Central (PMC)

Leong XF, et al. Nigella sativa and Its Protective
Role in Oxidative Stress and Hypertension. Evid

Based Complement Alternat Med.
2013;2013:120732. doi:
https://doi.org/10.1155/2013/120732.  PubMed

Central (PMC)
Ardiana M, et al. Effect of Nigella sativa

Supplementation on Oxidative Stress and
Antioxidant Parameters: A Meta-Analysis of
Randomized Controlled Trials.
ScientificWorldJournal. 2020;2020:2390706. doi:
https://doi.org/10.1155/2020/2390706. PubMed
Ahad A, et al. Potential pharmacodynamic and
pharmacokinetic interactions of Nigella Sativa
and Trigonella Foenum-graecum with losartan in
L-NAME induced hypertensive rats. Saudi J Biol
Sci. 2020;27(10):2544-2550. doi:
https://doi.org/10.1016/1.sbs.2020.05.009.
PubMed

Rashwan HK, et al. Black Cumin Seed (Nigella
sativa) in Inflammatory Disorders: Therapeutic
Potential and Promising Molecular Mechanisms.
Drugs Drug Candidates. 2023;2(2):516-537. doi:
https://doi.org/10.3390/ddc2020027. MDPI
Bordoni L, et al. Antioxidant and Anti-
Inflammatory Properties of Nigella sativa Oil in
Human Pre-Adipocytes. Antioxidants (Basel).
2019;8(2):51. doi:
https://doi.org/10.3390/antiox8020051. PubMed
Hadi V, et al. Effects of Nigella sativa oil extract
on inflammatory cytokine response and oxidative
stress status in patients with rheumatoid arthritis:
a randomized, double-blind, placebo-controlled
clinical trial. Avicenna J Phytomed. 2016;6(1):34-

IJDDT Volume 16 Issue 87s 2026

18.

19.

20.

21.

22.

23.

24.

25.

26.

43. No DOI was identified in PubMed for this
article. PubMed

Pop RM, et al. Nigella sativa oil attenuates
inflammation and oxidative stress in experimental
myocardial infarction. BMC Complement Med
Ther. 2024;24(1):362. doi:
https://doi.org/10.1186/s12906-024-04648-2.
Rahmani A, et al. Effect of Nigella sativa
supplementation on kidney function, glycemic
control, oxidative stress, inflammation, quality of
life, and depression in diabetic hemodialysis
patients: study protocol for a double-blind,
randomized controlled trial. Trials.
2022;23(1):111. doi:
https://doi.org/10.1186/s13063-021-05917-y.
Mohit M, et al. Effect of Nigella sativa L.
supplementation on inflammatory and oxidative
stress indicators: A systematic review and meta-
analysis of controlled clinical trials. Complement
Ther Med. 2020;54:102535. doi:
https://doi.org/10.1016/j.ctim.2020.102535.
PubMed

Mohebbati R, et al. The Effect of Nigella Sativa
on Renal Oxidative Injury in Diabetic Rats. Saudi
J Kidney Dis Transpl. 2020;31(4):775-786. doi:
https://doi.org/10.4103/1319-2442.292311.
PubMed

Barlianto W, et al. Effects of Nigella sativa on
disease activity, T lymphocytes and inflammatory
cytokine profiles in pediatric systemic lupus
erythematosus: A randomized controlled trial.
Narra J. 2024;4(3):e1063. doi:
https://doi.org/10.52225/narra.v4i3.1063.
PubMed Central (PMC)

Hikmah Z, et al. Nigella sativa L. as
immunomodulator and preventive effect on renal
tissue damage of lupus mice induced by pristane.

Heliyon. 2022;8(4):¢09242. doi:
https://doi.org/10.1016/j.heliyon.2022.e09242.
PubMed Central (PMC)

Mashayekhi H, et al. Application of Nigella sativa
as a functional food in diabetes and related
complications: Insights on molecular, cellular,
and metabolic effects. J Funct Foods.
2024;122:106518. doi:
https://doi.org/10.1016/j.j££.2024.106518.
ScienceDirect

Forbes JM, Cooper ME. Mechanisms of diabetic
complications. Physiol Rev. 2013;93(1):137-188.
doi: https://doi.org/10.1152/physrev.00045.2011.
Physiology Journals

Aazar RFM, et al. Dual Inhibition of the Renin-
Angiotensin-Aldosterone System and Sodium-
Glucose Cotransporter-2: Mechanistic and
Clinical Evidence for Cardiorenal Protection.
Biomedicines. 2026;14(1):101. doi:

Page: 1640



Nephroprotective and Antidiabetic Effects of Salvia hispanica and Nigella sativa in Streptozotocin-Induced Diabetic
Nephropathy Albino Wistar Rats

27.

28.

29.

30.

31.

32.

33.

34.

35s.

36.

https://doi.org/10.3390/biomedicines14010101.
MDPI

Singh AK, Singh R. Renin-angiotensin system
blockers-SGLT2 inhibitors-mineralocorticoid
receptor antagonists in diabetic kidney disease: A
tale of the past two decades! World J Diabetes.
2022;13(7):471-481. doi:
https://doi.org/10.4239/wjd.v13.i7.471. PubMed
Central (PMC)

Jaarin K, et al. Mechanisms of the
antihypertensive effects of Nigella sativa oil in L-
NAME-induced hypertensive rats. Clinics (Sao
Paulo). 2015;70(11):751-757. doi:
https://doi.org/10.6061/clinics/2015(11)07.
ScienceDirect

Bhatti JS, et al. Oxidative stress in the
pathophysiology of type 2 diabetes and related
complications: Current therapeutics strategies and
future perspectives. Free Radic Biol Med.
2022;184:114-134. doi:
https://doi.org/10.1016/j.freeradbiomed.2022.03.
019. PubMed

Chen X, et al. Oxidative stress in diabetes mellitus
and its complications: From pathophysiology to
therapeutic strategies. Chin Med J (Engl).
2025;138(1):15-27. doi:
https://doi.org/10.1097/CM9.0000000000003230
. PubMed Central (PMC)

Masenga SK, et al. Mechanisms of Oxidative
Stress in Metabolic Syndrome. Int J Mol Sci.
2023;24(9):7898. doi:
https://doi.org/10.3390/ijms24097898. PubMed
Caturano A, et al. Oxidative Stress in Type 2
Diabetes: Impacts from Pathogenesis to Lifestyle
Modifications.  Curr Issues Mol Biol.
2023;45(8):6651-6666. doi:
https://doi.org/10.3390/cimb45080420. PubMed
Jha JC, et al. Diabetes and Kidney Disease: Role
of Oxidative Stress. Antioxid Redox Signal.
2016;25(12):657-684. doi:
https://doi.org/10.1089/ars.2016.6664. PubMed
Central (PMC)

Jin Q, et al. Oxidative stress and inflammation in
diabetic nephropathy: role of polyphenols. Front
Immunol. 2023;14:1185317. doi:
https://doi.org/10.3389/fimmu.2023.1185317.
PubMed

Jomova K, et al. Several lines of antioxidant
defense against oxidative stress: antioxidant
enzymes, nanomaterials with multiple enzyme-
mimicking activities, and low-molecular-weight
antioxidants. Arch Toxicol. 2024;98(5):1323-
1367. doi: https://doi.org/10.1007/s00204-024-
03696-4. PubMed Central (PMC)

Gwozdzinski K, et al. Reactive Oxygen Species
and Their Involvement in Red Blood Cell Damage

IJDDT Volume 16 Issue 87s 2026

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

in Chronic Kidney Disease. Oxid Med Cell
Longeyv. 2021;2021:6639199. doi:
https://doi.org/10.1155/2021/6639199. PubMed
Manful CF, et al. Antioxidants and Reactive
Oxygen Species: Shaping Human Health and
Disease  Outcomes. Int J Mol Sci.
2025;26(15):7520. doi:
https://doi.org/10.3390/ijms26157520. PubMed
Hong YA, Park CW. Catalytic Antioxidants in the
Kidney. Antioxidants (Basel). 2021;10(1):130.
doi: https://doi.org/10.3390/antiox10010130.
MDPI

Navarro-Gonzalez JF, Mora-Fernandez C. The
role of inflammatory cytokines in diabetic
nephropathy. ] Am Soc Nephrol. 2008;19(3):433-
442. doi:
https://doi.org/10.1681/ASN.2007091048.
PubMed

Irazabal MV, Torres VE. Reactive Oxygen
Species and Redox Signaling in Chronic Kidney
Disease. Cells. 2020;9(6):1342. doi:
https://doi.org/10.3390/cells9061342.

Kanwar YS, et al. A glimpse of various
pathogenetic mechanisms of  diabetic
nephropathy. Annu Rev Pathol. 2011;6:395-423.
doi:
https://doi.org/10.1146/annurev.pathol.4.110807.
092150. PubMed Central (PMC)

Liu H, et al. Dapagliflozin attenuates ferroptosis
in diabetic nephropathy through activation of the
Nrf2/HO-1 signaling pathway. Int J Mol Med.
2026;58(1):171. doi:
https://doi.org/10.3892/ijmm.2026.5842.  Your
original title was incomplete. PubMed Central
(PMC)

Li Pomi F, et al. Malondialdehyde and Oxidative
Stress in Cancer: Biological Insights and Clinical
Perspectives. Biomedicines. 2026;14(8):1696.
doi:
https://doi.org/10.3390/biomedicines14081696.
Your original title was incomplete. PubMed
Central (PMC)

Cordiano R, et al. Malondialdehyde as a Potential
Oxidative Stress Marker for Allergy-Oriented
Diseases: An Update. Molecules.
2023;28(16):5979. doi:
https://doi.org/10.3390/molecules28165979.
PubMed

Mega C, et al. Diabetic nephropathy amelioration
by a low-dose sitagliptin in an animal model of
type 2 diabetes (Zucker diabetic fatty rat). Exp
Diabetes  Res.  2011;2011:162092.  doi:
https://doi.org/10.1155/2011/162092.  PubMed
Central (PMC)

Giacco F, Brownlee M. Oxidative stress and
diabetic complications. Circ Res.

Page: 1641



Nephroprotective and Antidiabetic Effects of Salvia hispanica and Nigella sativa in Streptozotocin-Induced Diabetic
Nephropathy Albino Wistar Rats

47.

48.

49.

50.

51.

52.

53.

54.

5s.

56.

2010;107(9):1058-1070. doi:
https://doi.org/10.1161/CIRCRESAHA.110.2235
45.

Rapa SF, et al. Inflammation and Oxidative Stress
in  Chronic  Kidney  Disease—Potential
Therapeutic Role of Minerals, Vitamins and
Plant-Derived Metabolites. Int J Mol Sci.
2020;21(1):263. doi:
https://doi.org/10.3390/ijms21010263. Your
original year was 2019; the article issue is 2020.
PubMed Central (PMC)

Liu H, et al. Oxidative stress and inflammation in
renal fibrosis: Novel molecular mechanisms and
therapeutic  targets. Chem Biol Interact.
2025;421:111784. doi:
https://doi.org/10.1016/j.c¢bi.2025.111784.
ScienceDirect

Podkowinska A, Formanowicz D. Chronic
Kidney Disease as Oxidative Stress- and
Inflammatory-Mediated Cardiovascular Disease.
Antioxidants  (Basel). 2020;9(8):752.  doi:
https://doi.org/10.3390/antiox9080752. PubMed
Vodosek Hojs N, et al. Oxidative Stress Markers
in Chronic Kidney Disease with Emphasis on
Diabetic Nephropathy. Antioxidants (Basel).
2020;9(10):925. doi:
https://doi.org/10.3390/antiox9100925. MDPI
Baynes JW, Thorpe SR. Role of oxidative stress
in diabetic complications: a new perspective on an
old paradigm. Diabetes. 1999;48(1):1-9. doi:
https://doi.org/10.2337/diabetes.48.1.1. PubMed
Sknepnek A, et al. Natural solutions for diabetes:
the therapeutic potential of plants and
mushrooms. Front Nutr. 2025;12:1511049. doi:
https://doi.org/10.3389/fnut.2025.1511049.
PubMed

Usha Kiran Reddy T, et al. Plant-Based
Multifunctional Nutraceuticals as Preventive
Interventions for Modern Lifestyle Disorders. J
Pharm Biol Res. 2026;14(1):1-10. doi:
https://doi.org/10.30904/].jpbr.2026.4920.
ResearchGate

Peride I, et al. The Key Role of Nutritional
Intervention in Delaying Disease Progression and
the Therapeutic Management of Diabetic Kidney
Disease-A Challenge for Physicians and Patients.
J Pers Med. 2024;14(8):778. doi:
https://doi.org/10.3390/jpm14080778. PubMed
Kramer H. Diet and Chronic Kidney Disease. Adv
Nutr.  2019;10(Suppl  4):S367-S379.  doi:
https://doi.org/10.1093/advances/nmz011.
ScienceDirect

Ullah R, et al. Nutritional and therapeutic
perspectives of Chia (Salvia hispanica L.): a
review. J Food Sci Technol. 2016;53(4):1750-

IJDDT Volume 16 Issue 87s 2026

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

1758. doi: https://doi.org/10.1007/s13197-015-
1967-0. PubMed Central (PMC)

Borrajo P, et al. The Effect of Salvia hispanica and
Nigella sativa Seed on the Volatile Profile and
Sensory Parameters Related to Volatile
Compounds of Dry Fermented Sausage.
Molecules. 2022;27(3):652. doi:
https://doi.org/10.3390/molecules27030652.
PubMed Central (PMC)

Derosa G, et al. The Use of Nigella sativa in
Cardiometabolic Diseases. Biomedicines.
2024;12(2):405. doi:
https://doi.org/10.3390/biomedicines12020405.
PubMed

Ahmad A, et al. A review on therapeutic potential
of Nigella sativa: A miracle herb. Asian Pac J
Trop  Biomed.  2013;3(5):337-352.  doi:
https://doi.org/10.1016/S2221-1691(13)60075-1.
ScienceDirect

Ayerza R Jr, Coates W. Effect of dietary alpha-
linolenic fatty acid derived from chia when fed as
ground seed, whole seed and oil on lipid content
and fatty acid composition of rat plasma. Ann
Nutr Metab. 2007;51(1):27-34. doi:
https://doi.org/10.1159/000100818. PubMed
Al-Ali A, et al. Oral and intraperitoneal LD50 of
thymoquinone, an active principle of Nigella
sativa, in mice and rats. J Ayub Med Coll
Abbottabad. 2008;20(2):25-27. No DOI was
identified in PubMed. PubMed

Matondo JD, Abihudi S. Chia seeds: a nutrient-
dense functional food for health and nutrition.
Cogent Food Agric. 2026;12(1):2626606. doi:
https://doi.org/10.1080/23311932.2026.2626606.
ResearchGate

Nieman DC, et al. Chia Seed Supplementation
and Disease Risk Factors in Overweight Women:
A Metabolomics Investigation. J Altern
Complement Med. 2012;18(7):700-708. doi:
https://doi.org/10.1089/acm.2011.0443. Sage
Journals

Hannan MA, et al. Protective Effects of Black
Cumin (Nigella sativa) and Its Bioactive
Constituent, Thymoquinone against Kidney
Injury: An Aspect on Pharmacological Insights.
Int J Mol Sci. 2021;22(16):9078. doi:
https://doi.org/10.3390/ijms22169078. PubMed
National Research Council (US) Committee for
the Update of the Guide for the Care and Use of
Laboratory Animals. Guide for the Care and Use
of Laboratory Animals. 8th ed. Washington (DC):
National Academies Press (US); 2011. doi:
https://doi.org/10.17226/12910. National
Academies

Tesch GH, Allen TJ. Rodent models of
streptozotocin-induced diabetic nephropathy.

Page: 1642



Nephroprotective and Antidiabetic Effects of Salvia hispanica and Nigella sativa in Streptozotocin-Induced Diabetic
Nephropathy Albino Wistar Rats

Nephrology (Carlton). 2007;12(3):261-266. doi:
https://doi.org/10.1111/j.1440-
1797.2007.00796.x. Your current DOI has an
erroneous “x” separated from the DOL.

67. Furman BL. Streptozotocin-Induced Diabetic
Models in Mice and Rats. Curr Protoc Pharmacol.
2015;70:5.47.1-5.47.20. doi:
https://doi.org/10.1002/0471141755.ph0547s70.
Current Protocols

68. Sharma D, Kosankar KV, Lanjewar AM.
Extraction and chemical tests on Nigella sativa L.
collected from Vidarbha region of India. World J
Pharm Res. 2018;7(2):532-2. doi:
https://doi.org/10.20959/wjpr20182-10813.
ResearchGate

69. Rahim MA, et al. A Comprehensive Review on
Nutritional Traits, Extraction Methods, Oxidative
Stability, Encapsulation Technologies, Food
Applications and Health Benefits of Omega Fatty
Acids. Food Sci Nutr. 2025;13(10):¢71008. doi:
https://doi.org/10.1002/fsn3.71008. Your DOI
was missing the 10.1002/fsn3. portion. PubMed
Central (PMC)

70. Elez Garofuli¢ I, et al. UPLC-MS? Profiling of
Blackthorn Flower Polyphenols Isolated by
Ultrasound-Assisted Extraction. J Food Sci.
2018;83(11):2782-2789. doi:
https://doi.org/10.1111/1750-3841.14368. Your
title was shortened/inaccurate. PubMed

71. Santini A. Nutraceuticals and Functional Foods:
Is It Possible and Sustainable for Bridging Health
and Food? Foods. 2022;11(11):1608. doi:
https://doi.org/10.3390/foods11111608. MDPI

72. Teymormanesh M, et al. Evaluation of the Effect
of Chia Seed Mucilage and Carboxymethyl
Cellulose Composite Containing Epsilon-Poly-L-
Lysine and Encapsulated Thymus daenensis
Essential Oil with Beta-Cyclodextrin on the
Microbial and Chemical Properties of Chicken
Fillet Under Cold Conditions. J Nutr Sci Food
Technol. 2025;20(3):79-93. doi:
https://doi.org/10.61882/nsft.20.3.79

IJDDT Volume 16 Issue 87s 2026 Page: 1643



